Dengue fever (DF), a Flaviridae infection transmitted by peridomestic Aedes aegypti (Gubler & Kuno 1997) re-appeared as a major urban epidemic in Brazil in 1986 (Marques et al. 1994 , Massad et al. 2001 , Luz et al. 2003 and is currently the most important arthropodborne viral disease in Brazil (Luz et al. 2003) . By the year 2000, all 26 states had reported DF cases. In the period 1986-2007, DF caused 4,559,812 officially reported cases (MS 2007a) with 493 deaths (MS 2007b) .
The worst year in history was 2002, with the introduction of DEN-3, when 794,219 cases were reported. In the following years, DEN-3 spread itself throughout the country, causing several important outbreaks (MS 2007c) . In 2006, 345,922 dengue cases were reported, with 682 dengue hemorrhagic fever (DHF) cases causing 76 deaths (MS 2007c) . From January to July 2007, 438,949 classical DF cases were reported, with 926 cases of DHF, causing 98 deaths (MS 2007c) . In this year DEN-3 virus caused 81% of the cases.
An important observation related to dengue transmission is that, in some subtropical areas like Brazil, the density of mosquitoes (Forattini et al. 1993a (Forattini et al. , b, 1995 and the number of DF cases starts to increase in number at the beginning of the rainy season (October) with the cases of dengue peaking more than three months later (Coutinho et al. 2006 ).
Long-term control of dengue and condition for outbreak occurrence has relied mainly on larval index (LI), that is, the proportion of houses with breeding places harboring aedes larvae which, paradoxically, has not Financial support: CNPq, FAPESP, LIM01 HC-FMUSP + Corresponding author: edmassad@usp.br Received 28 February 2008 Accepted 21 July 2008 demonstrated a good correlation with the number of DF cases (Gubler & Kuno 1997 , Burattini et al. 2007 ). One of the few studies that indirectly show some correlation between the house index and the number of dengue cases is the work by Cunha et al. (1997) , in which it is suggested, although it is not demonstrated, a relationship between low number of cases and low house index in a community of Rio de Janeiro. In Brazil, an alternative approach to the so-called container indexes (German et al. 1980 , Bang et al. 1981 for larval surveillance was proposed in order to optimize the logistics of its operation. It consists of random sampling a relatively small number of dwellings in which surveillance of aedespositive breeding places is carried out simultaneously in several cities around the country. This strategy has been called Larval Index Rapid Assay (LIRA).
In this paper we analyze the period October 2006-July 2007 of 146 Brazilian cities that carried out LIRA surveillance in October 2006. Of these, we choose those 61 cities that experienced 500 or more dengue cases in the period. We calculate the incidence coefficient (IC), the force of infection (λ) and the basic reproduction number (R 0 ) of dengue in those 61 cities and cross-correlate those variables along with the LIRA, in order to estimate which parameter related to the intensity of transmission is the best predictor of the number of cases.
MATERIALS AND METHODS
LIRA -Consisted in the simultaneous visit of dwellings randomly chosen of 146 cities representing all the Brazilian regions . LIRA is a random sampling technique in which the sample unit corresponds to 9,000 to 12,000 dwellings, from which a maximum of 450 houses are randomly selected for inspection. The LIs obtained are the proportion of houses with A. aegypti larvae and the Breteau index. It is being used in Brazil since 2003.
Calculation of λ and R 0 -Of the 146 cities visited for the LIRA surveillance, we selected 61 that had 500 or more reported cases and experienced a dengue outbreak in the period. By outbreak we understand the sudden exponential rise in the number of cases in the beginning of the transmission season. The list of those 61 cities can be seen in Table. The calculation of R 0 can be carried out from the initial exponential growing phase of the number of cases as detailed in Massad et al. (2001) . However, we show in the appendix a summary of the derivation of R 0 and λ.
From equations (5) and (6) of the appendix (Supplementary data) we obtain the relationship between R 0 and λ for each one of the 61 cities, such as:
In this equation, λ is the growing rate of the number of dengue cases in the initial exponential phase, the incidence rate or λ of the disease in this phase. By fitting the proportion of new cases to an exponential curve, we can estimate R 0 . The values of the parameters were µ = 0.156 weeks -1 and γ = 1 week -1 (Massad et al. 2001) .
Statistical analysis -We fitted exponential curves by the method of the Minimum Squares to the number of cases in each week starting in October 2006 for each one of the 61 chosen cities. As mentioned above, the growing rate of the number of cases in the initial exponential phase, λ corresponds to the incidence rate or λ of the disease in this phase (equation 4 of the appendix).
The IC per 100,000 inhabitants, λ and R 0 of dengue in those 61 cities were correlated with their respective LIRA. As a first approximation to estimate the correlations between the variables, we carried out a linear regression analysis that correlated the LIRA versus λ; LIRA versus R 0 ; LIRA versus IC; λ versus the IC; and R 0 versus IC. The strength of the above correlations was estimated by the calculation of the Pearson's correlation coefficients. Of course other functional associations between the variables could serve the same purpose. However, we chosen a linear regression because the correlations found were poor for all tested function and so we chosen the linear for simplicity. All the statistical analyses were carried out with the software SPSS 15.0.
RESULTS

Table shows
the 61 cities analyzed with the respective values of the LIRA, λ, R 0 , the population size, IC and the goodness of fit of the exponential model.
In Fig. 1 we show an example of a city (Paranavaí) that resulted in a particularly accurate fitting of dengue cases. Note the exponential shape of the fitted curve and the resulting incidence of 0.32 per capita new cases per week.
In Figs 2 and 3 we show the correlation between LIRA and λ and LIRA and the R 0 , respectively. Note that LIRA significantly correlates with both λ and R 0 .
Finally, we tested the relation between LIRA, λ and R 0 with dengue IC per 100,000 inhabitants for each city analyzed. Results are shown in Figs 4-6, respectively. It is noteworthy that LIRA correlates with both λ and R 0 but none of them correlated with IC. Note also the pres- ence of an outlier in Figs. However, its presence does not change significantly the correlation between the variables analyzed, and so we decided to keep it in the analysis.
DISCUSSION
The 2006/2007 dengue season in Brazil was the most severe in number of cases since the 2001/2002 season. This is reflected by the values of R 0 available so far. If we compare the average values of R 0 for the years of 1991 (2.03, Marques et al. 1994 ), 2001 (6.29, Massad et al. 2001 (4.51, Burattini et al. 2007 ) we conclude that 2007 is closer to 2001 values than to 1991 as far as dengue intensity of transmission is concerned. We should stress here that the entire estimated LIRA used in this analysis refer to whole town averages, although dengue, as many of the vector-borne infections, have heterogeneous spatial distribution over the affected areas. This would theoretically underestimate the incidence, λ and R 0 estimates (Coutinho et al. 1999) . However, our model is based on known cases and our equations system is scale-invariant, that is, it could be expressed in terms of proportions or absolute numbers in an approximately homogeneous area where the cases are happening. Moreover, dengue control measures as proposed by the Brazilian National Program of Dengue Control, in spite of being aimed to cover whole towns, should prioritize the focuses where transmission is likely to occur. The regression analysis indicates that, despite the low values obtained for the correlation coefficients, they are significant for the associations between LIRA and λ and LIRA and R 0 . Since LIRA is an entomologically derived variable and λ and R 0 were estimated from human cases, it is noteworthy that there are weak, although significant correlations between them. To the best of our knowledge, this has not been demonstrated before. The correlations found between the entomological indexes and the estimators of the intensity of transmission are due to the fact that all indexes used are based on larval stages. These have to develop into the further stages until the adult mosquitoes that, in turn, have to bite infected individuals and the new susceptibles. It is, therefore, expected that the large number of unknown parameters governing each step of that chain, would vary from place to place and from moment to moment and, therefore, would weakened those correlation. In spite of this, LIRA could be used as a proxy for the velocity of the following dengue epidemic growth. In addition, those regions with the higher R 0 are those likely to experience major impact of future outbreaks, especially when a new serotype starts to circulate.
However, when we try to calculate the association of these parameters with the incidence of dengue, none demonstrated to be significantly correlated with it. Nevertheless, when we compare the significance of the association between LIRA and incidence rate of dengue with the associations between λ and R 0 and the incidence rate we observe that both λ and R 0 are more correlated with incidence than LIRA. If we consider the large number of variables associated with dengue transmission we should expect a poor association between each of the parameters analyzed and the incidence of the infection. However, in view of the p-values found for each of them, we may conclude that both λ and R 0 are better predictors of the total number of cases than the LI currently used. This is probably so because λ and R 0 are also related to human dengue epidemiological factors, such as previous dengue outbreaks and herd immunity effects, in addition to the entomological parameters.
We would like to emphasize the importance of the intensity of transmission parameters proposed in this work, namely λ and R 0 , both of which are more closely associated with the total number of cases than the LIs, although far from being reliable predictors of incidence. However, they are clear indicators of the intensity of outbreaks and relatively easy to calculate in the particular situation in which the number of cases start to increase after a relatively long period with very small number of cases.
As mentioned above, the current predominant strain in Brazil is DEN-3. It would be interesting to include a comment on potential differences in the outcomes now that DEN-2 started to predominate in several states of the country. Certainly, the fact that a great cohort of susceptibles to DEN-2 is available would increase all the estimators of intensity of transmission analyzed in this study.
Finally, it is noteworthy that LIRA performed in nearly October has some predictive power on the velocity of epidemic growth, as demonstrated by the association found between LIRA, λ and R 0 . Nevertheless, LIRA is not reliable as a predictor of dengue incidence, a fact already
